
FINAL REPORT 

Contract NASw-gOg 

Janusry 17, 1966 

Philip C. Fisher 

Reseerch Iaborstories 

Lockheed Missiles and Space Company 

Pal0 Alto, California 

Rocket Study of 

Stellar X-Ray Emissions 



LMSC/M-23-66-1 

FINAL REPORT 

Contract NASw-gOg 

INTRODUCTION 

The experiment described by this report was directed toward 

discovering, locating, and obtaining spectrsl information for,  stellar 

x-ray sources a t  low galactic lati tudes.  A fundamental assumption, 

noted in  the December 1960 proposal which lead to contract N U  5-1174 

and again i n  the  May 1963 proposal which provided t h e  basis for t h i s  

contract, was that the brightest  x-ray sources would be found t o  be of 

galact ic  or igin and wouldbe clustered near the  galactic equator. 

assumption has  now been proven correct. Appended to this report are: 

a )  

rocket flights, supported by contract NAS 5-1174, which provided much of 

t h e  s c i en t i f i c  basis f o r  the present experiment (although t h e  a r t i c l e s  

themselves resulted from e f fo r t s  made af'ter terminstion of that contract) 

and b) 

This 

publications f r o m  reduction of data from the two previous 

two a r t i c l e s  containing the final results of the first of the 
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two ACS-rocket flights supported by t h i s  contract, NASw=gOg. 
8 

A brief and preliminary estimate of t h e  results of the  second 

ACS-rocket f l ight  i s  also contained in t h i s  report. The observations 

t o  be carried out emphasized investigation of x-ray fluxes between 1A 

and k X ,  and obtaining experience with two previously unused measurement 

techniques believed necessary fo r  successful design of several satellite 

experiments, 

w i l l  be given i n  t h e  final report t o  contract NASw-97, the present report  

is restricted t o  a sumnary of the  well-understood x-ray source inform- 

at ion plus conclusions and recannoendations based on all flight data. 

A s  most of the  pertinent details of the  new techniques 

The general procedure f o r  making observations was t o  u t i l i z e  

rocket-borne detectors to slowly scan a psr t icu lar  portion of sky. 

rocket was equipped with several completely independent visible- 

starlight photometers and x-ray detectors. The Sounding Rocket Branch 

of t h e  Goddard Space Flight Center kindly a l te red  the  Aerobee's ACS 

to permit slowly rotat ing a rocket about one of its i n e r t i a l  8 ~ ~ s .  

The nrajority of t h e  maneuvers were carried out in roll f o r  t he  first 

rocket and in yaw f o r  the second rocket. 

detectors to scan previously prescribed swaths of sky, By properly 

correlat ing t h e  times of occurrence of t h e  signals from a t  least one 

starlight sensor and t w o  o r  mre x-ray detectore, it was possible t o  

Each 

This maneuvering caused t h e  

determine the location on the  ce lee t ia l  sphere of each x-ray source. 

As 

section of 

shown in Figure 1, a large portion of the available cross- 

t h e  first rocket was ut i l ized  ro r  counter aperture. A l l  
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of the  x-ray counters were sealed uni ts  and f a i r l y  direct descendants 

of similar proportional counters flown on two previous rocket flights 

(under contract NAs 5-1174). 

equipped w i t h  5-mil beryllium windows while t he  two smaller-area 

counters possessed 1/2-mil aluminum windows. 

different  counters were prescribed by t h e  cellulsr collimators which 

The three larger-area counters were 

The fields of v i e w  of t h e  

were remved from t h e  rocket when t h e  picture was taken. When t h e  

ACS programer was set up, the  existence of only two x-ray sources 

had been reliably established (one i n  Scorpius and one in the  C r a b  

Nebula). The observing program was chosen t o  provide two slow scans 

near t h e  galactic equator in  such a manner as to traverse 

bright source in Scorpius discovered by Giacconi e t  al (Phys. Rev. 

Letters 2, 439, 1962) 

and 

a )  t h e  

b)  the region containing t h e  galact ic  center, 

c )  the two highes t  count rate (non horizon-related) regions 

observed on the  two preceding rocket flights end thought t o  possibly be 

x-ray sources. Some of the background roblems noted during these 

"two preceding" flights are commented on in Appendices A and B, w h i l e  

t he  nature of the horizon-associated signals are considered in t h e  a r t i c l e s  

given as Appendices B and C. 

regions discussed in Appendices A, C, and I), the latter being brief 

remarke about the results of the  first ACS-flight as msde a t  the  Second 

The two possible night sky x-ray source 

Texas Symposium on Relat ivis t ic  Astrophysics. 

scr ipt ion of the results of t h e  first ACS-flight is given in Appendix E. 

The payload for t h e  second ACS-rocket f l i g h t  is shown in 

A more complete de- 

Figure 2. X-ray proportional counters mounted to  look out t h e  side of 
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t h e  rocket were  sealed beryllium window uni t s  similar t o  those used 

on t h e  preceding flight. A bare photocathode detector wi th  a channel- 

tron multiplier, shown Part;ly fabricated in Figure 3, was also muted 

so as to look out the side of the  rocket. 

portional counters w i t h  t h i n  mylar windows were used t o  look out t h e  

aperture formed by ejecting the nose of t he  rocket. Two of these 

counters, and the p a r t l y  assembled Venetian bl ind x-ray collector used 

w i t h  them, are shown i n  Figure 4. Because of the  r e s t r i c t ed  field of 

view of t he  x-ray detection systeme mounted i n  t h e  forward end of t h e  

compartment, the ACS was supplemented with a r o l l  stabilized platform 

to increase the  probability of scanning over t h e  previously observed 

x-ray sources. 

brightest x-ray source i n  Cygnus with the Venetian blind (and other 

mylar window) counters, a t  t h e  same time t h a t  the  side-mounted detectors 

swept over t h e  sources a t  low galactic longitude. A final scan was t o  

be made of galact ic  la t i tudes  near 111 = 0 i n  order t o  obtain precise 

l a t i t udes  (to - 5 mFn of arc)  for several of t h e  x-ray sources. By 

observing som of the same sources seen on t h e  f i rs t  A C S - f l i g h t ,  

inforxmtion about time variations of x-ray source strength was to be 

secured. 

Three separate flow pro- 

The observing program called f o r  two slow scans of the  

Although only preliminary results of the most recent f l ight  now 

exis t ,  a t  least qualitative spectral inf'omution ( for  photon energies 

greater than about 2 keV) and some position information (possibly w i t h  

+ - 30 min of a rc  accuracy) rpay be derived f o r  some f ive  x-ray sources 

a t  low galact ic  longitudes. 

were not secured because of a pair of ACS problem which resulted i n  

Source fluxes in t h e  neighborhood of 1% 
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a)  

t h e  nose counters and b) failure to cafiy out the final scan i n  

latgtude. As t h e  rocket was not equipped w i t h  a parachute, precautions 

were taken to remve t h e  tail fins pr ior  t o  re-entry i n  order t o  insure 

a tumbling vehicle and improve t h e  chance of successful recovery of 

film from an aspect camera. The film was recovered i? usable form, 

even though the film casette had been broken open. 

must s t i l l  occur before a re l iable  or  detailed account of t h e  f l i g h t  

results is  available. 

both of t h e  Cygnus sources passing outside the fields of view of 

A considerable e f f o r t  

EiESULTS AND CONCLUSIONS 

a. Most of the  nine x-ray sources observed from t h e  first 

ACS-eFipped rocket l i e  a t  low galact ic  longitudes, 

and so the  majority of these sources are believed t o  

l i e  w i t h i n  the Galaxy. 

Of the  two possible x-ray sources located wi th  t h e  aid 

of an eazlier contract (NAS 5-1174), t he  source in 

Cepheus has been proven t o  be spurious whi l e  t h e  source 

thought t o  be in Cygnus was indeed found where anticipated. 

More than one parsmeter is required to describe the 

spectral  dis t r ibut ion in the  1 to 20 keV range of t h e  

brightast x-ray source in Scorpius. 

d. X-ray emission locations are st i l l  too poorly defined t o  

permit t h e i r  being associated w i t h  known opt ical  o r  radio 

sources. However, signif'icant x-ray fluxes were not 

observed from the Kepler and Tycho supernovae, o r  from 

Cas A o r  Cyg A. 

b. 

C. 
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e. A f a i r l y  isotropic flux of x-rays ex i s t s  in addition to  

t h e  x-rays associated with discrete sources. Although t h e  

spectrum appears t o  fall off steeply w i t h  increasing photon 

energy, in the 4-8-kev energy interval t h e  flux is at  least 

three photons sec” ster”. A t  somewhat higher 

energies, t h e  dominance of atmspheric x-rays first noted 

on the March 1963 r o c h t  flight (cf. Appendix C )  was 

confinned by the first ACS-rockt flight. Because of these 

atmospheric effects, no r e a l l y  definitive l i m i t  can be 

derived fram the  data for t h i s  diffuse (back@-ound) 

component a t  energies above 8 keV. 

f. On t h e  second ACS-rocket f l ight,  several. photometers were 

blinded by a glow apparently associated w i t h  t h e  gas 

exhausted by operation of the  ACS. Therefore, special 

precautions must be taken to protect stellar-aspect photo- 

meters during f l i g h t  of ACS-ecpipped rockets i n  sunlight. 

g. Although a t  least a northern (and possibly a southern) 

horizon brightening effect  seems t o  have been observed 

on the September 1962 and Mmch 1963 rocket flights from 

Wallops Island, Virginia, no horizon ef fec ts  were found on 

the  October 1964 f l i g h t  f r o m  White Sands, New Mexico. It 

may be worth noting t h a t  t he  northern auroral zone cannot 

be eas i ly  viewed fram an Aerobee launched a t  White Sands, 

although t h a t  zone is  vieible f’rom a Virginia-bunched rocket. 

A north-south asymmetry noted by Hayakawa, Mtsuoka, and 
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Yamashits (1965, private communication), may be f 'urther 

evidence for  som sort  of horizon effect ,  or  of an ef fec t  

associated wi th  trapped particles. 

INFERENCES 

The f a c t  t h a t  t h e  nrrjority of the observed x-ray sources l i e  

wi th in  t h e  Galaxy can serve as a basis f o r  evaluating the  f e a s i b i l i t y  of 

obtaining morphological information f o r  some extended nearby systems. 

While a similar evaluation was presented in the  November 1963 report t o  

contract NAS 5-1174, the  current improved understanding of attainable 

detection sens i t i v i t i e s  makes a reappraisal of t h e  s i tuat ion appropriate. 

This general type of investigation seems worth attempting, as success 

might help t o  determine whether the brighter x-ray sources belong t o  a 

particular stellar population. 

is t o  determine t h e  &imam number of x-ray sources which must simul- 

taneously l i e  w i t h i n  a single field of v i e w  i n  order t o  produce a si& 

t h r e e  standard deviations above background. Assumptions concerning 

t h e  distance of t h e  presently known sources, t h e  existence of similar 

sources in the  system being investiga*d, and t h e  s ens i t i v i t i e s  of future 

detection syetems must be xu&. 

evalution, t h e  standard x-ray source flux having been assumed equal to 

t h a t  of Ser XR-1 which is  near to  being or  actual ly  is the faintest of 

the presently observed ~ources .  When the detection threshold corresponds 

t o  between approximately 0.5 and 2 such sources, it is reasonable t o  hope 

t h a t  a t  least some morphological informetion might be obtained. 

One menner of performing t h e  evaluation 

Table 1 contains t h e  results of such an 

This 
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seems to follow f r o m  t h e  f a c t  t h a t  t h e  apparent brightness of t h e  

Ser XR-1 source is actual ly  only 1/20th to 1/100th that of t h e  brightest  

non-solar source yet detected. 

clouds mry be capble of yielding morphological infomatLon if examined 

with a detector whose diameter could jus t  be f i t t e d  within the  OAO. 

On these grounds, a t  least t h e  Magellanic 

Table 1 Quantity of sources in external systems t h a t  must l i e  w i t h i n  
a detector 's  f ield of view i n  order to produce a s t a t i s t i c a l l y  
significant signal. Each source is assumed t o  produce a flux 
similar t o  t h a t  of t h e  weakest loca l  source t h a t  has  ye t  been 
observed f'rom a slowly scanning Aerobee rocket (the Ser XR-1 
source t h a t  may have been seen f r o m  Aerobee 4.120 required a 
detection sens i t iv i ty  of 0.2 photons cm-2 sec-l). 

Vehicle, and 

Distance Quantity of Sources 
(kpc) 

A8SUlKhg A S S U l l b g  
SerXR-1 SerXR-1 
at  l k p c  at  5 kpc 

Maximum area, LMC 42 

Detector ( 10-4) M33 460 
OAO-diau&er  M 3 l  440 

4 0*2 
400 20 
400 20 

Successor M31 440 40 2 
to OAO M81 1.3 x 103 500 20 

Detector (10-5) 

The steeply f a l l i n g  and not simple spectral  dis t r ibut ion of t h e  

Sco XR-1 source suggests t h a t  detailed study of x-ray spectra rpay be 

rewarding. The spectrum of t h e  diffuse (or background) flux also falls off 
0 
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rapidly with increasing photon energy. 

time t o  re l iab ly  predict the amount of structure i n  x-ray spectra as no 

suf f ic ien t ly  detailed observation has y e t  been attempted. 

However, it is impossible a t  t h i s  

RECOMKEXIATIONS 

While a l l  - recommendations in t h e  November 1963 final report  t o  

contract NAS 5-1174 are s t i l l  valid, they are not repeated here. Instead 

r a t h e r  more 

a. 

C. 

d o  

e. 

a 

specific and less sweeping suggestions are mde: 

Efforts should be devoted t o  obtaining precise locations 

(say t o  within a f e w  minutes of arc)  of as many x-ray 

sources as possible. 

Measurement of the gross spectral dis t r ibut ion of the  

softer x-rays (between energies of about 0.1 and 3 keV) , 
and determination of the angular extent of x-ray sources, 

should both be pursued. 

For the  diffuse x-ray flux, t h e  gross variation of flux 

l eve l  as a f'unction of galact ic  coordinates and the gross 

shape of the  spectrum i n  the  low energy region should be 

determined . 
Source spectra and polarization should both be examined 

wi th  high resolution equipments. 

Balloon experimentation at  t h e  higher (2 15  keV) photon 

energies should be strongly encouraged, with emphasis being 

given to obtaining x-ray source information as well as to 

t ra ining personnel for space astronomy i n  general. 
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f. Because detectors with bare photocathodes and image 

in tens i f ie rs  probably must be used in some part of a t  

least a f e w  of the  x-ray systems needed fo r  t h e  above 

effor ts ,  the noise problems associated w i t h  t h i s  type of 

f l i g h t  instrumentation should be evaluated by in s i t u  

measurements whenever convenient. 

When NASA provides an ACS-equipped rocket to an experi- 

menter, a t  least 8 continuous channels of 60 cps response 

telemetry should be reserved f o r  use w i t h  the ACS i n  order 

t o  obtain a f a i r l y  complete diagnosis of its operation. 

The first uncommitted OAO should be set aside f o r  x-ray 

experiments leading to h i g h  spectral  resolution, high 

angular resolution, and polarization information of 

previously known x-ray sources, and high detection sensi- 

t i v i t y  of restricted and previously source-free regions. 

Other satellite space should be =de available f o r  t h e  

highest  possible sens i t iv i ty  few-color photometry survey 

of t h e  en t i r e  celestial. sphere. 

g. 

h. 
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Fig. 1 View i n t o  Aerobee 4.120 i n s t n u e n t  compartment. The presence of 
three s t a r l i g h t  sensing photometers i s  ind ica ted  by t h e  circ?rlar 
black d i sc s  (two near the  base and one near the  top  of the  com- 
partment). The majori ty  of t h e  aper ture  w a s  taken up by three  
beryll ium and two aluminum window gas-proportional counters which 
viewed x-ray sources through the  c e l l u l a r  aluminum col l imators  
shown a t  t h e  l e f t  of t h e  f igure.  S c i n t i l l a t o r  u n i t s  for  a n t i -  
coincidence work l a y  underneath t h e  x-ray de tec to r s  and so are 
not  visible i n  t h i s  view. 



Fig. 2 Aerobee 4.121 instrumentation p r i o r  t o  i n s t a l l a t i o n  of t h e  Ventian 
bl ind gas counter assembly and t h e  bare  photocathode un i t ,  which 
together  fill t h e  void shown near t h e  center  of t h e  rocket  com- 
partment. A p a i r  of starlight sensors and beryll ium window x-ray 
de tec tors  and t h e  bare  photocathode de tec tor  were or ien ted  t o  look 
out t h e  s ide  of t h e  rocket. A Venetian b l i n d  system, a mylar 
window x-ray detector ,  a s t a r l i g h t  sensor and a camera were located 
so as t o  view t h e  sky through t h e  forward end of t h e  rocket. 
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REPLY TO LETTER OF STUART BOWYER 

The preceding letter by Bowyer is concerned with a paper by Fisher and Meyerott 
(1964; hereinafter referred to as “Reference 1”). The essential point of Bowyer’s alter- 
nate explanation is that the source locations suggested in Reference 1 may be due in fact 
to random background fluctuations above an improperly chosen low-average background 
value. The difficulty of properly interpreting the low counting rates observed in Refer- 
ence 1 has been a continuing concern to the undersigned, and for this reason alternate 
methods of statistical analysis have been and still are being pursued. Some preliminary 
results of these revised data handling procedures (applied to data of each flight) were 
presented at  the Meeting on Weutron Stars and Celestial X-Ray Sources held in Kew 
York on March 20,196.1. Although the results of this improved analysis are not yet com- 
plete, it is apparent that the tentative nature of the conclusions reached in Reference 1 
must be emphasized, and that Bowyer’s alternate interpretation must be considered 
seriously. 

The large amount of sky area found to be one standard deviation (lo) above back- 
ground in a plot for any one of the three Aerobee 4.70 energy intervals of Reference 1 
resulted primarily from our use of the Gaussian error approximation in constructing the 
isophote plots. The high-count regions for individual energy intervals of Aerobee 4.69 
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data appeared large in area because of a combination of the very low background used 
and the Gaussian error analysis. The difficulty in handling properly the few counts 
available in each energy-time interval of Reference 1 was ameliorated by increasing the 
number of events in each element of the isophote plots for each flight by comblnlng data 
from pairs of resolution regions, from one or more counters and/or from two of the three 
original energy intervals. 

The results of the analysis of Aerobee 4.69 data must be considered unreliable a t  this 
time for two reasons: (1) the low background values used for the published isophote pl?ts, 
and (2) the incomplete allowance made for transient count-rate effects. Original examina- 
tion of this data revealed unquestionably statistically significent fluctuations of count 
rate with time. The transient efforts occurred over short (< 1 sec) to long (> 20 sec) 
time intervals and were not correlated with celestial sphere position. Use of a more 
sensitive data-reduction method has revealed several additional seemingly real tran- 
sients. These were not previously recognized, and are probably terrestrially associated. 
Their influence should have been excluded from the Reference 1 isophote plots but was 
not. Similar transients have not been detected in the Aerobee 4.70 data. These comments 
are sufficient to render the published results and interpretation of the Aerobee 4.69 data 
inconclusive. 

To determine whether the Aerobee 4.70 high-count regions arose from selection of an 
improperly low background, randomly selected portions of the original isophote plots 
were rederived. A background rate equal to the total counts (when the detectors were 
pointed away from the Earth) divided by the total observing time for these counts was 
used, and is identical to that suggested by Uowyer. Substantially the same high-count 
regions (as in the published analysis) appeared from this rederivation proceis IIo:;.c> C I ,  

since the Aerobee 4.69 data cannot provide reliable r d k i i k g  evidence at this time, due 
regard for the low level of St:i.tis?id signihcance of the Aerobee 4.70 high-count regions 
f o r w  thc cwiciusion that they do not in themselves provide convincing evidence for real 
sources. 

Since the derivation of the published results of Aerobee 4.70, a more accurate aspect 
solution of the rocket's flight has been obtained, perinitting the inclusion of lower 
photon-energy data for two more scans of the sky previously withheld due to the pos- 
sibility of atniospheric absorption effects. The preliminary results of this analysis were 
presented at  the Meeting on h-eutron Stars and Celestial X-Ray Sources. The net result 
of the somewhat more sophisticated methods of analysis, using the same background as 
suggested by Bowyer, is that we are left with but one high-count region that is considered 
as suggestive of a possible night-sky source. This region occurs near the Reference 1 
location of ( a  = 23'1, 6 = +79"). A noticeably high count rate was observed on five of 
the seven successive scans that went over this region. For photons in the 0.5-8 keV 
energy range, the total of twenty-five counts detected should be coinpared to an average 
background of fourteen counts. The signal is then about 3u above background and is 
suggestive because it appears in a majority of the total scans over the region. The proba- 
bility of observing a random fluctuation of this nature in the night sky is estimated to be 
less than 20 per cent. 

Bowyer, Eyram, Chubb, and Friedman (1964) are correct in pointing out that a flux 
as low as that attribited by them to the Crab hrebula would have produced no more than 
one event in a minimum resolution region in the 4-8 keV energy range for one scan by an 
Aerobee 4.70 detector. Counter detection sensitivity should properly be described as a 
function of geometric aperture, observation time per scan, detection efficiency, solid 
angle, background, and number of scans of a given region. The product of the first two 
of these quantities for the Kava1 Research Laboratory detector in the 4-8 keV range is 
conservatively estimated as no more than -5x  larger than for the R-U-90 detector on 
Aerobee 4.70, as opposed to the factor of 13 which applies to the geometric aperture 
alone. As stated in Reference 1, our failure to associate a high-count region with the Crab 
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Nebula was primarily based on the combined data for the 4-8 keV and 12-20 keV 
energy intervals. Because no significant evidence for events in the 8-12 keV range (and ' so by inference in the 12-20 keV range) was recorded by the NRL experiment, our failure 
to observe the Crab Nebula may be readily traceable to either our lower sensitivity or 
to a combination of lower sensitivity and examination of a dBerent and larger energy 
interval. 

To summarize the above, the published Aerobee 4.70 results are fundamentally cor- 
rect, but the statistical signscance of the high-count regions is low, The confirmatory 
evidence which had been derived from the Aerobee 4.69 data is now considered to be 
unreliable. Ultimately, the Aerobee 4.69 data may prove useful only as a study of statis- 
tically signscant terrestrial effects. According to the authors' standards given in Refer- 
ence 1, data from a single flight exhibiting a high count region even three standard 
deviations above background are insufficient to establish the  reality of that region. There- 
fore, the conclusions reached in Reference 1 (although affirmed by other data-reduction 
procedures) must be considered as tentative and suggestive only. 

I 
PHILIP C. FISRER 
ARTHUR J. MEYEROTT 

July 6 ,  1964 

RESEARCH LABORATORIES 
PALO ALTO, CAL~ORNIA 

LOCKHEED hhSILES AND SPACE COadpkVY 
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(Reprinted from Nature, Vol. 204, No. 4962, p p .  982-983, 
December 5 ,  1964) 

Upper Limit to Jupiter's X-ray Flux on 
September 30, 1962. 

DUBIKG a search for celestial sources of X-ray emiasion, 
several opportunities arose to detect X-rays associated 
with Jupiter's radiation belts. The observations presented 
here were obtained from three successive scans of Jupiter 
made by a proportional counter flown on an Aerobee 
rocket launched from Wallops Island, Virginia. Although 
sigmficsnt X-ray fluxes (which were time-dependent and 
apparently associated w-ith or led to horizon effects) 
were observed, no X-ray flux from Jupiter was detected. 
The observations given in Fig. 1 below led to a conserva- 
tive upper limit of 2.4 x 10" ergs/cm2 sec for the flux 
of 4-8 keV (3-1-5 a) photons from Jupiter between 
0603 u.T. and 0605 U.T. on September 30, 1962. 

The proportional counter employed had an effective 
aperture of 8 om2 provided by a beryllium Window 
0.005 in. thick set into the side of the counter. A sweeping 
magnet prevented electrons less energetic than 50 keV 
from impinging on the counter window. Collimation was 
provided by a simple aluminium baffle used to f?x the field 
of view at (maximtun widths of) 60" x 85". The rocket 
rolled at a rate of 15"/sec and precessed in such a manner 
that the 60' dimension of the field of view scanned past 
Jupiter on three successive occasions early in the flight. 
Results related to galactic X-ray sources and details 
concerning instrumentation may be found in Fisher and 
Meyerottl, and Fisher, Meyerott, Grench, Nobles and 
Reagan2, respectively. 

Fig. 1 gives the detector (labelled IC-0-115) counting 
rate in two adjacent energy intervals for three complete 
rolls of the rocket as a function of time. A universal time 
of 0603 corresponds approximately to 100 sec after launch- 
ing the rocket. The detector's field of view was inclined 
a t  an angle of 65' with respect to the rocket's nose, which 
was tipped down to the erast by some 30' with respect to 
local vertical. As a result, the centre of the counter's field 
of view scanned along a path which rose above the northern 
horizon, passed approximately midway (near Cygnus) 
between zenith and the western horizon, descended to the 
southern horizon, and then scanned from south to north 
along the emtern horizon. The shaded areas in Fig. 1 
separate regions in which the long (85') dimemion of the 
counter's field of view was completely above or below the 
rocket's horizontal horizon. Corrections made for counter 
dead time are such that instantaneous counting rates, 
for the combined energy intervals, greater than some 
20 counts/cm2 see are not very precisely known. The 
4-44 keV (3-1.5 A) background of 9 photons/cmE sec 
(7.2 counts/cmt sec) was found by averaging data from the 



first two of the three available scans when the (86') long 
central field of view dimension was completely above the 
horizon. The third scan was not used becauea Jupiter fell 
so near the edge of the counbr's field of view that the 
deteation.sensitivity was only one-half that of the p r e d -  
ing two scans. Allowing for the 2 sec/saan that Jupiter fell 
within the counter's field of view at greater than 60 per 
cent detection efficiendy, the upper limit for the 4-8 keV 
3-1.5 A) flux from Jupiter is 2.4 photons/cm* sec. This 

above the average background level. Warwick* has 

e ' 

value corresponds to a signal three standard deviations 2 
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Fig. 1. Variatlon with t h e  after launch of detector count rate in two 
adjacent energy-intervals 



estimated that Jupiter’s X-ray flux might be of the order 
of 1/5,000 of the limit quoted here. 

Further inspection of Fig. 1 establishes the fact that, 
during this part of the flight, instantaneous count rates 
significantly above the night sky background only occur 
when the detector’s field of view includa some portion of 
the horizontal horizon. The complete northern auroral 
zone could be observed at one instant by th0 detector and 
meat3urement.e in that direction appear to produce the‘ 
highest counting rate found during the whole fight. The 
time sequence given in the figure indicates a weak s o w  
near 104 sec of flight time, which waa not present one roll 
later near 122 88c. However, at 145 am, after the next 
complete revolution of the rocket, a sourca intense enough 
to jam the counter’s electronics wae found at approxi- 
mately the same azimuth as the 104-sec source. The latest 
revolution indicates a source or sources extending along 
the whole eastern horizon, although the detected X-ray 
flux appeared to be most intense near the northern and 
southern extremities of the eastern horizon. Because of 
the rocket’s preoeesion, maximum sensitivity to the 
northern horizon mmce occup~ at times separsted by leas 
than the g 2 - w  roll period of the rocket. No attempt has 
been msde to e s s O C i 8 k  the observed X-rap with the 
standard indicators of non-local ionospheric or auroral 
activity. 
While significant and time-varying horizon related 

X-ray source8 were found, no X-ray flux from Jupiter was 
observed. The upper limit to  the 4-8 keV (3-1.5 A) 
photon flux for the particular epoch investigated wae 
2.4 photons/cmg sec. 

This work was supported by the National Aeronautics 
and Space khhis t ra t ion  under contract N A S  5-1174, 
and by the Lockheed Independent Research Program. 
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R~suMB.-  On donne les r&uhts  finaux de h recherch de sources de rayons X mow dans le ciel n o & ~  
(20 mars 1963). Une seule rLgion d u  Ciel a fourni un signal sup’rieur Ci 2,5 Ci 3 fois 1’6cart statistipue le @us PO- 
bable alors que la probabilite d‘observer un dcar t  statistique fortuit de cet ordre est de 0,2 .  La re‘gion est situ& 
a = 23 h 40 m, 6 = $- 780. IL ne semble pa-s y av&r de eariations du fond galactique Lmettantdesrayons X 
avec la latitude galactique et ce rbultat est discute. 

Although 
om sky region was found to be associated with a n  X-ray flux 2,5 to 3 standard deviations above background, the 
(probability of observing one random fluctuation of this importance in the data for the night sky is estimated to be a s  
high as 20 yo. Apparently negative results from a search 
of the data for variations of X-ray background with galactic latitude are presented and discussed. 

~ e 6 e  (20 MapTa 1963). ToJIbrCo O ~ E A  YrIacToX ae6a fian CmrHan npesbImaIomnfi B 2,5-3 pasa HaH6OZee 

g e c K o e  o T m o H e H H e  3 ~ 0 r o  nopsrmca pasaa O , 2 .  YgacTorC onpeqenea K o o p g m a T a M n  a 23 = 40 Y 
S = + 780. ICax 6yg~0  HeT m v e a e ~ ~ f  r a x a I t T m e c r C o r o  #oHa, ~s~rysa~orqero mrme j r y ~  X, 

SUMMBRY. - Final results are presented for a March 20, 1963 search for night sky sources of soft X-rays. 

The region i s  located at a = 23 h 40 m, 6 = $- 7 8 O .  

Pemue. - AaHbI  OlCOHW3TelIbHhIe pe3pzIbTaTbI paCCJIefiOBaHIlJI ECTOPBEXOB MJIrHKY x B B04HOM 

TOrfla XaH. BePOJTTHOCTb Ha6JIIoAaTb CzrS.4ai%HOe CTaTECTE- BepOJITHOe CTaTHCTH4eCROe OTKJIOHeHHe. 

C raJIaKTHgeCROft IJIIipOTO8 H 3TOT pe3yJIbTaT 06CYX#3H. 

1. INTRODUCTION. 

On March 20, 1963, a rocket experiment was 
performed in an attempt to locate and obtain 
spectral information about stellar sources of soft 
X-rays in the 0 . 2  - 20 keV (60 - 0.6 A) range. 
The X-rays were detected by several well colli- 
mated (50 x 100) gas filled proportional countem 
protected by anticoincidence plastic-scintillator- 
photomultiplier shields. Preliminary results of 
this Aerobee 4.70 rocket fight and an earlier 
similar experiment on Aerobee 4.69 have aIready 
been presented [3]. Final results for the Aero- 
bee 4.70 flight are given here. 

2. ISOPHOTE PLOT CONSTRUCTION 

Figure 1 is a celestial sphere isophote plot deri- 
ved from all counts recorded by the Aerobee 4.70 
detectors and is based on a more accurate and 
extended vehicle aspect solution than was used 
for the preliminary resuits [3]. The extended 

(*) Communication pr&sent& au Symposium n o  23 sur lea 
Observations astronomiques faites a bord de vehicules spa- 
tieux, tenu A Liege (Belgique) du 17 au 20 aoM 1964. 

solution permitted inclusion of data from two 
more scans (to a total of 11 scans) of the sky. 
Model atmosphere calculations have shown the 
flux of night sky X-rays from the two additional 
scans are essentially free of absorption effects. 
The rocket’s 0 . 5  - 3 . 5  keV and 2 - 20 keV 
counters alternately observed the upward (night) 
sky and the downward (earth-obscured) sky. 
Each detected event was assigned to an elemental 
area of the celestial sphere. The rocket’s motion 
was such that individual elemental areas were 
scanned from 2 to 9 times by each of the detectors. 
Observed events were also segregated into 
two broad and overlapping energy intervals, 
0.5 - 8 ke.V and 4 - 20 keV. Preliminary results 
from this revised data analysis procedure were 
presented at  The Meeting on Neutron Stars and 
Celestial X-Ray Sources held in New York on 
March 20, 1964. h noticeably high count rate in a 
given sphere region was compared to the background 
count rate predicted for that particular region in 
order to assess the statistical significance (number of 
standard deviations (i above background) of the 
high count rate. Although (r values for the night 
and earth-obscured sky were based on slightly 
different (and independently calculated) back- 

-- 809 - 
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ground rates, fcr each sky region all detected 
events were assumed to occw randomly in time. 
Because both the night and earth-obscured sky 
were arbitrarily terminated 150 from the horizon- 
tal horizon, the night sky background was used 
for the horizon region. 

An allowance for the variation of detector 
efficiency with angle off the counter's centerline 
was made as described in [3]. After the isophote 
plot was finished, the CT value for each high count 
region was recomputed using the total of all 
possible counts (no allowance for angular distri- 
bution) which might be associated with the high 
count location. While the differolitly Computed cr 
values of a given high count region never diffe- 
red by more than 0.5 0, all Figure I regions are 
shown with the lowest ri values computed. 

3. RESULTS. 

With the exception of what appear to be hori- 
zon related sources, only a single region is as 
much as 2 . 5  (5 above the predicted background. 
The count rate was noticeably high on five or the 
seven successive passes over this region and the 

MEYEROTT AND K. L. SMITH ANNALES D'AsTRoPHYSIQUE 

actual counts in the 0 . 5  -- 8 keV interval total 25 
as compared to a predicted background of 14. 
Unfortunately, the relatively stronger Scovius 
source [l,  5, 6, 71 was below the rocket horizon on 
both the Aerobee 4.69 and 4.70 flights and SO 

could not have been observed. Our failure to 
detect the Grab Nebula source observed by the 
Naval Research Laboratory group has been parti- 
cularly noted by BOWYER [2] and several of his 
remarks have been discussed in a Letter by 
FISHER and MEYEROTT [4]. Figure 1 contains 
data from 3 scans directly over M l ,  as compared 
to the single direct scan (out of a total of 3 scans) 
utilized in [3]. However, the total 0 . 5  - 8 keV 
interval count for the Crab Nebula location of 0 
(compared to a background of 11)  is still statis- 
tically less significant than the count for several 
other regions scanned. Either our : a) low detec- 
tion sensitivity (- 1/5 that on the NRL flight) 
or 6) fairiy broad energy intervals (which effecti- 
vely suppress sensitivity), may be the cause of 
o w  not detecting the Crab Nebula source. 

Several investigations of the correlation bet- 
ween high count regions and approximate celes- 
tial sphere position have been made in addition 

L*'ici. I .  - Culwt i a l  spliare isophote plot8 of high couut rugioris observed by AeroIJee 4 . 7 0  detectors. The. solid ~ i i d  dashed lines SepHrh- 
ting tho night sky from the earth obscured sky represent the horizontal B I ~  rocket horizons respectively. Tlie simply outllncd. 
i:ross hntclied, arid blacltemd areax indicate count rates 1 . 5  0, 2 .0  u and 2 . 5  o above background. 

- XI0 - 
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0 
-40 

to the search for point source locations discussed 
above. Figure 2 contains the results of a corre- 
lation attempt in which the area of Figure 1 high 
count regions (in terms of square degrees) wm 
plotted along the line down t,he center of the combi- 
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FIG. 2. - Test of Fig. 1 results for clumping 
of high count regions dong the line of scan. 
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FIQ. 3. - Plots of 0 .5 -8 .0  keV X-ray data for evalunting 
galactic lntitude dependence. The top portion of the figure 
presents all counts observed, while the bottom portion of 
the figure represents only the counts 1 . 5  a above back- 
ground. e 

ned scans given in Figure 1. The only finding 
of apparent significance is the previously men- 
tioned clumping of high count regions near the 
earth's horizons. 

Figure 3 gives the results of two other corre- 
lations attempted, both of these particular corre- 
lations being based on data for the 0.5-8 keV 
energy range. Normalization for the top portion 
of Figure 3 was derived by comparison with the 
average value of 1.88 & .07 counts/cm2-s obtai- 
ned from a similar plot for the earth-obscured sky. 
The apparent 6 % excess of 0.5-8 keV night 
sky (over earth-obscured sky) photons actually 
amounts to .11 .07  counts/cm2-s and is almost 
completely due to 2-8 keV photons. After 
allowing for the 1/50 Sr effective solid angle of the 
collimator and the 0 . 7  value of counter efficiency, 
the excess counting rate is found to  be equivalent 
to 8 _L 5 photons/cm2-s-sr. Previous measurements 
of this quantity [l, 71: yielded a value of 6 pho- 
tons/cm2-s-sr. Similar treatment of the 4-20 keV 
data shows more counts per second from the earth- 
obscured sky than from the night sky. Conse- 
quently the X-ray flux from the night sky is 
indeed somewhat softer than that observed when 
looking down a t  the earth's atmosphere. 

Results of a third correlation attempt are given 
in the bottom portion of Figure 3. The area 
of Figure 1 high count regions (in terms of square 
degrees, wing a values derived from the angularly 
distributed counts) mas examined for a galactic 
latitude dependence. A trivial correction was 
made to allow for the fact that the rocket's pre- 
cession resulted in slightly different degrees of 
overlap of the many successive scans over each 
latitude interval. Although a latitude variation 
does appear, the actual X-ray fluxes are so small 
as to  render the variation of questionable statis- 
tical significance. Except fcr one peak in the 
- 200 to - 300 latitude interval, a similar inves- 
tigation of the counts associated with 4-20 keV 
pulses shows no latitude variation. 

4. CONCLUSIONS. 

Complete re-analysis of the Aerobee 4 . 7 0  flight, 
utilizing all data available, has led to  approxima- 
tely the same quantity and location of high count 
regions given previously [3]. However, becawe 
of their low statistical significance, the Aerobee 
4 .70  data alone are insufficient to establish the 
real existence of any of the high count, regions. 
The two possible exceptions to  this finding are 
the aggregate of regions in the vicinity of the 

- 811 - 



4 P. C. FISHER, D.  B. CLARK, A.  J. MEYEROTT AND K. L. SMITH   ANN ALES D’ASTROPHYSIQUE 

earth’s horizon and the region a t  0: = 2 3 h  40m, 0 .5 -8  keV X-rays coming from a, swath of sky 
n = + 780. A night sky flux of 8 +- 5 pho- which cuts diagonally across the  galactic equator 
tons/cm2-s-sr found for the  4-8 keV range agrees near 1600 of longitude. This work was supported 
well with values cbtained b y  other observers. by the National Aeronautics and  Space Adminis- 
The 8-2C keV X-ray flux from the earth’s atmos- tration under contract NAS 5-1174 and  by  the 
phere is noticeably larger than tha t  frcm the  night Lockheed Independent Research Program. 
sky. A variation (of uncertain sca.tistica1 signi- 
ficance) with galactic latitude was found for t,he Manuscrit r e p  le 18 septembre 1964. 
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NIGHT SKY X-RAY SOURCES 

ABSTRACT 

for  x-ray sources a t  l o w  galactic 1 

longitude range 340' < 1'' < 160' has been made. 
t i tude and i n  the 

A t  l e a s t  eight 
different sources were detected. Six of these were found t o  have a 
lonGitude within 20' of the galact ic  center although none of these 
sources appear t o  be a t  the galact ic  center i t s e l f .  
i n  t h e  energy range of about 2 t o  20 keV, w a s  obtained for  the  bright 
Scorpius source. 
prevents a good f i t  of the Scorpius spectral  data t o  e i ther  Planck 
or  power l a w  energy distributions.  

Spectral information, 

The low flux of photons less energetic than 4 keV 

2 



NIG€€'I'SKY X-MY SOURCES 

On 1 October 1964, a survey of nignt sky x-ray sources lying at  

low galactic la t i tudes w a s  performed from a rocket launched a t  White 

Sands, New Mexico. 
is  i n  the nature of a progress report and i s  primarily concerned with a 

description of the  experiment and a preliminary appraisal of the resu l t s  
obtained. 
w i l l  be given and the location o f  a.number of sources i n  the general 
direction of the galact ic  center w i l l  be noted. 

As data reduction i s  not complete, t h i s  contribution 

Some spectral  information for  the x-ray source i n  Scorpius 

A t  t he  time the observing program w a s  selected, only two x-ray 
The positions were sources appeared t o  have been reliably located. 

for :  
(1962 and 1963), and Baryer e t  al. (1964), and a source presumed by 
the la t ter  t o  be the Crab Nebula. Several other source positions had 

been tentatively identified. These included a) a source i n  the range 

of galactic longitudes encompassing Cygnus and noted by Giacconi e t  al. 
(1962 and 1963), b) a source i n  Cepheus suggested by data from the two 
rocket f l i gh t s  of Fisher and Meyerott (1964), and c) a source i n  the  

v ic in i ty  of Cygnus suggested by (unpublished) data from one rocket 
f l i gh t  of Fisher and Meyerott. 

1) the bright source i n  Scorpius observed by Giacconi e t  al. 

An at t i tude control system (ACS) caused t h e  rocket t o  maneuver so  

tha t  x-ray and optical  star sensors scanned slowly near the galactic 
equator i n  the m&er shown i n  Figure 1. 

different ly  oriented rectangular-shaped f i e lds  of view as indicated near 
the l e f t  of the figure. 
each scan and these rates are given i n  the  figure. 
scan along the  galactic equator, Figure 1 indicates t ha t  three observations 

of the Scorpius and one additional observation of the Cygnus regions 

were planned. 

The detectors had three 

The scan rate w a s  nearly constant during 
I n  addition t o  the 

Because of a malfunction i n  a rocket component, the f l i gh t  
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a 
was terminated several seconds pr ior  t o  the planned second scan of Cygnus. 

Difficultie's w i t h  the f l i g h t ' s  x-ray detectors resulted i n  only one 
counter providing data during scan 1. 

The x-rays were detected by sealed gas proportional counters 
having e i ther  beryllium or  aluminum windows. 
w a s  highest at about 6 keV and f e l l  o f f  rapidly at  higher and lower 
energies, t h e  low energy cutoff being about one keV. 

detectors were amplified, analyzed for  amplitude and sorted into several 
energy channels by the rocket instrumentation. 

The detector sens i t iv i ty  

Pulses  from the 

By reduction of  data from the various x-ray detectors and opt ical  

star sensors, positions of x-ray sources re la t ive  t o  the observed stars 

can be obtained. I n  order t o  locate a source accurately i n  two 
celestial. coordinates, it must be observed by more than one counter- 
collimator system. 

good data during scan 1, only one angular coordinate can be determined 

accurately fo r  the sources observed on t h i s  scan. 

along the scan i s  w e l l  determined while the position perpendicular t o  
the scan i s  limited by the 26' full width at half maximum of the f i e l d  
of view. 

Because only one counter-collimator system provided 

Thus the position 

The counting ra te  i n  the energy channel spanning the nominal 
range of 4-8 keV w a s  observed t o  increase from i ts  background value of 
about 75 counts/sec t o  r a t e s  i n  the range of 200 t o  400 counts/sec 
several times during the f i r s t  scan. 
Cygnus was being traversed. 
time profile exhibited a well defined triangular shape compatible w i t h  

a single source having an angular extent small compared t o  the collimator 
resolution. 

rose a detectable amount above i t s  background level .  

of enhanced counting rates were grouped i n  longitude within about 

- + 20 

other. 

The first occasion w a s  when 
For t h i s  source the  counting r a t e  versus 

A t  the  same time, the counting r a t e  i n  the  8-12 keV channel 
The other regions 

0 of the galact ic  center and were not completely resolved from each 

However, the count rate prof i le  for 4-8 keV photons shows Six 

4 



dist inct  peaks, each of which could have the proper tr iangular shape. 

Four of these peaks lay on one side of the galactic center, and two on 
the  other side. 
from the  galactic center. 
associated with the strong peak nearby, the peak's presence makes it 
di f f icu l t  t o  say whether there is  any radiation from the  galact ic  center 

i t s e l f .  

One of the strongest sources observed w a s  about one degree 
While t h e  l a t te r  position i s  apparently not 

A s  noted above, for t h e  Cygnus source only the angular distance 
along the scan path can be obtained accurately from the October 1 f l igh t  
data. 

Previously unpublished data of Fisher and Meyerott may be of use i n  
further specifying the source's location. The highest counting rate 
observed on either of t h e i r  t w o  ea r l i e r  f l igh ts  (excluding the rates 

obtained when observing near the ear th '  s horizon) w a s  associated w i t h  

t h e  region 60' < 4" < 100' and -5' < g1 < 12' which w a s  scanned on 
one f l i gh t  only. 
view of the first f l i gh t ' s  detectors were nearly orthogonal t o  those of 

Aerobee 4.120 for  scans of the Cygnus region. Therefore the la t i tude  
I1 of the source may be specified as -5' <e < 12O, assuming the ea r l i e r  

data were indeed related t o  t h i s  source. This approximate position 
agrees G u i t e  well w i t h  the NRL location of Cyg XR-1 (Barye r  e t  al., 1964). 
The Cepheus source has been proven t o  be spurious. 

The longitude of t h e  source i s  i n  the range of 70' < Q1' < 74'. 

The narruw dimension of t h e  line-shaped f i e lds  of 

The bright source i n  Scorpius w a s  observed through each of three 

counter-collimator systems on each of the last three scans, and w a s  found 
t o  be within one degree of the position given by Baryer e t  al. (1964). 
Ultimately, a position of t h i s  source w i l l  probably be established t o  
an accuracy.better than 30 minutes of arc  from these data. 

L i t t l e  can be said about the spectral  distribution of the sources 
observed on scan 1. However, the spectral  data on the bright Scorpius 

source i s  believed t o  be good. The peak counting rates observed (above 

background) during the scan 3 t r a n s i t  i n  the 2-4 keV, 4-8 keV, 8-12 keV 
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and 12-20 keV channels were < 30, 3000, 400, and - 100 counts/sec 

respectively. 
the Scorpius spectrum are shown i n  Figure 2. 
each of the various energy intervals were divided by the product of 
detection efficiency and energy width and the resultant set of numbers 

a rb i t r a r i l y  normalized t o  unity i n  the 8-12 keV interval.  
gives equal weight t o  the detector efficiency a t  each photon energy. 
For comparison purposes, two Planck distributions characterized by kT 
values of 1.5 and 2.0 keV have been included i n  the figure, k being the 

6 0  Boltzmann constant. 
corresponding t o  a kT of 1.5 keV, crudely describes t h e  three higher 
energy data points. 
energy data points t o  a power l a w  indicate the photon flux falls off 
as E 

from the lack of data i n  a fourth 
same detector indicates a shortage of l o w  energy photons. A question 
mark has been placed beside the upper l imi t  i n  t h e  figure t o  indicate 
concern over the significance of t h e  l i m i t .  Although an allowance for  

a l l t h e . v a r i o u s  experimental errors  has not yet  been made, the apparent 
shortage of l o w  energy photons i s  suff ic ient  t o  render both the Planck 

and power l a w  distributions inadequate as descriptions of the Scorpius 
energy spectrum. 

The resul ts  of one of the f irst  attempts a t  understanding 
The counts observed i n  

This procedure 

A temperature of the order of 16 x 10 Kj 

Preliminary attempts t o  f i t  the three higher- 

-2 or E-3, where E i s  the photon energy. The upper l i m i t  obtained 
interval  (E < 4 keV) of the energy 

Failure t o  f i t  t he  data t o  a spectrum controlled by a single 
parameter has l e d  t o  attempts t o  f i t  the data t o  spectra controlled by 
two parameters. 
t o  a bremsstrahlung dis t r ibut ion provided the maximum electron energy 
were of the order of 20 keV and there were more l o w  energy than high 
energy electrons. Successful two-parameter f i ts  have also been made 

t o  distributions consisting of e i ther  an emission l i n e  or  an absorption 
edge near the  center of the 4-8 keV range superimposed on a Planck 
dis t r ibut ion having a temperature of t he  order of h-0 x lo6 OK. 
satisfactory agreement could undou$tedly be found for  many other combinations, 
one must conclude t h a t  the data are  inadequate t o  accurately SpecifY 
t h e  spectral  dis t r ibut ion of the  source. 

The three higher-energy data points could be f i t t e d  

Because 

This work was supported by the National Aeronautics and Space 
Administration under Contract NASw-909. 
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FIGURE CAPTIONS 

1. The shaded areas i n  t h i s  galact ic  coordinate p lo t  show the various 
swaths of sky scanned for x-ray emission. 
beginning of scan 1, the three different  f ields of  view are schematically 
shown. Except for the incomplete las t  scan, t he  center of each 
detector 's  f i e ld  of view moved along the indicated scan l i nes  as 
t h e  rocket rotated slowly about an axis nearly perpendicular t o  
t h e  galactic equator. 

To the l e f t ,  a t  the  

2. Four-point spectrum obtained f o r  t h e  bright Scor,pius source. Lack 
of sensi t ivi ty  i n  the lowest energy interval  has resulted i n  only 
an upper l i m i t  t o  tha t  in te rva l ' s  flux. The error  bars give only 
s ta t is t ical  e r rors  i n  counts and so do not include errors  i n  t h e  

detector 's  response function. 
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Results are presented for eight X-ray sources observed on a 

1 October 1964 rocket f l ight .  

the brightest source i n  Scorpius which has been located at  

a = 16h 14m - + lm, b = -15' 361 - + 15'. 
sources l i e  inside t h e  longitude interval 344' < 4" c 16O, no 

measurable quantity of 4-8-keV X - r a y s  is  associated w i t h  the  positions 

of Kepler's supernova or the galact ic  center. The spectrum of the 

brightest  Scorpius fiource is  peaked i n  the 4-8-keV range. For all 

sources, more f l u  i s  observed i n  the 4-8-keV interval  than i n  the 

8-12-keV interval. 

The most detailed information is  for  

Although seven of the  eight 

The results are campared w i t h  measurements of others. 
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I. INTROI;BJ%TION 

A rocket survey of X-ray sources lying a t  luw galactic latitudes 

was  performed on 1 October 1964. 

near the galact ic  equator for  new sources of X-ray emission, and t o  

obtain spectral  and posit ional infarmation for  the brighter sources 

observed. In addition, further examination of the bright source in 

Scorpius (Giacconi e t  al. 1962, 1963, Buwyer e t  al. 196h)  was  planned. 

The rocket was  equipped w i t h  an a t t i tude  control system (ACS) which 

permitted examination of pre-selected portions of the ce l e s t i a l  sphere. 

The experiment was  designed t o  search 

A t  the  time the ACS program was  s e t  up, only two positions for  

sources were rel iably known. The first of these w a s  the Scorpius source 

discovered by Giaceoni e t  al. (1962) and more accurately located by 

Buwyer e t  al. (196k). 

Taurus which they presumed t o  be associated w i t h  the Crab Nebula. 

a subsequent experiment B a r y e r  e t  al. (1964b) u t i l i zed  the lunar 

occultation of t h i s  X-ray source t o  obtain i t s  precise position and a 

measure of i ts  angular extent. 

The l a t t e r  group also observed a source i n  

In 

The description of the experiment and the results obtained have been 

divided in to  six p a r t s . -  Par t  I1 of t h i s  a r t i c l e  covers the observing 

program and the  instrumentation. Par t  I11 discusses the method of 

determining source position and presents results for  eight X-ray sources 

that were observed. 

of each source can only be specified as lying on a segment of a great circle 

on the  ce l e s t i a l  sphere. 

Except for the brightest  Scorpius source, the position 

P& IV is concernedwith the  X-ray spectral  information 

3 



obtained and the apparent brightness of each of the sources. 

X-ray background i s  evaluated i n  Part V. 

information given and evaluated i n  Parts I11 and I V  respectively are 

summarizedbriefly i n  P a r t  V I .  

The cosmic 

The positional and spectral  

11. INSTRUMENTATION 

A. Attitude Control System and Observing program 

!The rocket instrumentation w a s  based upon use of t h e  NASA- 

developed at t i tude control system (ACS) and consisted of f ive gas-fi l led 

proportional counters and collimators, and three photometers fo r  

detecting v i s ib l e  s ta r l igh t  t o  determine X-ray detector aspect. I n  

essence, gas j e t s  of the  ACS caused the rocket's longitudinal or  r o l l  

axis t o  point nearly a t  the galact ic  poles, then the rocket w a s  rotated 

about t h i s  fixed r o l l  axis. 

photometers were mounted t o  view the sky i n  a direction nearly normal 

t o  the r o l l  axis. 

which shows the zones on the ce l e s t i a l  sphere t h a t  were viewed by the 

detectors. 

t o  southern horizons. 

t o  the new orientation required fo r  scans 2, 3, and 4. All of the l i n e s  

indicating paths of collimator centerlines i n  Figure 1 have been plotted 

on the  basis of the reduced opt ical  star-sensor data, except fo r  the 

l a t t e r  par t  of scan 4, which w a s  t o  have terminated at  the northern 

horizon. 

s ign i f ies  the end of the useful data-taking portion of the  f l igh t .  

The X-ray detectors and starlight-sensing 

The observing program is i l l u s t r a t ed  i n  Figure 1, 

The first  scan w a s  a sweep along the M i l k y  Way from northern 

Between scans 1 and 2, the r o l l  axis  w a s  shirted 

The ending of the scan 4 shaded area near 60' of longitude 

Each 
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scan was controlled by momentary ejections of gas through jets associated 

w i t h  one of the rocket's three (roll, pitch, and yaw)  axes. 

The ACS program shown in  Figure 1 called for  scanning: (1) along 

. the galactic equator i n  such a manner as to traverse t h e  galactic center; 

and (2) across the position of t h e  brightest Scorpius source. The 

observing program was arranged, in part, to have the  Scorpius source far 

enough above the horizon t h a t  there would be l i t t l e  atmospheric attenuation 

of low energy ("1 keV) X-rays from the source. 

near t h e  galactic equator was t o  be carried out i n  such a manner t h a t  

two scans would be made in  t h e  vicinity of Cygnus. 

special interest  because it hadbeen l is ted as a possible source position 

by Giacconi e t  al. (1962) and was also suggested by data f r o m  one of 

the two rocket flights of Fisher and Meyerott (Fisher, Jordan, and 

Meyerott, 1966) . 

Examination of the region 

This region w a s  of 

To obtain position information for  t h e  sources observed, and at  the 

same time provide some redundancy, detectors w i t h  three separate fields 

of v i e w  w e r e  employed. 

in Figure 1 indicate the portion of each detector f ie ld  of v i e w  which 

could be viewed w i t h  a collimator transmission greater than 50 per cent. 

The detector designations T, Cy and B refer to t h e i r  relative position 

in t h e  rocket's instrumentation compsrtment, being top, center, and bottom 

respectively. 

detector C. 

brightest Scorpius source was observed a t  about 265 sec after launch 

by detector C and then nearly simultaneously at about 269 sec by 

detectors T and B. 

The rectangles outlined a t  the beginning of scan 1 

The shaded area indicates the swath of sky scanned by 

Figure 2 is a portion of the telemetry record of scan 3. The 
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Each counter's f i e ld  of view was E s t r i c t e d  by a cel lular  aluminum 

collimator. While each individual collimator c e l l  had an aperture of 

0.15 in. x1.5 in., use of cells of different lengths resulted in t b  

two different-sized f ie lds  of view shown in Figure 1. 

of detector C, the f i e ld  of view for  full width at  50 per cent transmission 

corresponded t o  acceptance angles no larger than 2?9 x 26?5 for  low-energy 

photons. 

For the collimator 

Counter C I S  field of view was pointed about go away frm the 

intersection of the f ie lds  of the other X-ray detectors and the aspect 

sensors. 

counters were skewed 40' with respect t o  each other (plus and m i n u s  20' 

w i t h  respect t o  counter C ' s  f i e l d  of view). In the scanning direction, 

the collimation was markedly narrower than that used by the other group  

investigating cosmic X-ray sources. 

a broad collimation was used normal t o  the scanning direction. 

The long dimensions of the fields of view of the T and B 

To c m r  a large area of the sky, 

B. X-Ray Detectors 

Each gas-filled proportional counter was an array of individual 
2 counters. Three of these arrays had large-aperture (263 cm effective, 

5 - m i l  thick) beryllium windows. 

(- 18 cm effective, O . 5 - m i l  thick) aluminum windows. 

elements were 4.0 cm deep, and were f i l led t o  a pressure of 83 cm of 

The other two arrays had small-aperture 
2 All gas counter 

Hg with a 90 per cent argon and 10 per cent methane gas mixture. 

The resultant efficiency of these counters for  detecting various 

energy photons is sham in Figure 3a. 

gave useful data. 

Three of the  five counters 

meee were the  beryllium-window counters T and C, and 
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the aluminum-window counzer B. 

p las t ic  sc in t i l l a tor  anticoincidence shield for  reduction of cosmic 

ray background effects. 

Only counter C was not equipped w i t h  a 

For each photon detected, a gas proportional counter produces an 

e lec t r ica l  pulse whose amplitude provides a measure of the energy of 

the event. 

analyzed for amplitude aboard the rocket and then assigned t o  one of 

four photon energy intervals. 

pulse-height analyzer made up from five stacked discriminators. 

Information about the number of counts i n  each energy interval w a s  

telemetered t o  the ground af te r  being treated by one of two procedures. 

The Figure 2 data for  counters T and C indicate one procedure. Counts 

were scaled i n  such a manner that each horizontal bar i n  the telemetry 

record represents the occurrence of four counts i n  the given spectral 

interval. Each eight-step sequence, therefore, indicates 32 counts. 

The second procedure for  treating counts was  used for  the data i n  other 

energy intervals of counters T and C and i s  indicated by the counter B 

data of Figure 2. 

energy interval w a s  read continuously and the ra te  then converted t o  a 

voltage which w a s  telemetered t o  the ground. 

l inear  scale on the detector B trace corresponds t o  600 counts per sec. 

For some energy intervals, s-ling was  performed for  only 0.03 sec 

once every 0.14 sec. 

A U  pulses obtained from the beryllium-window counters were  

The analysis w a s  performed by a different ia l  

The counting ra te  of pulses allocated t o  a given 

The peak rate of the 

A detailed description of the response of detector C i s  given here 

because t h i s  detector providedthe majority of the f l i gh t ' s  spectral  

information. Each chamber of t h i s  counter had the detection efficiency 
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shuwn i n  Figure 3a, where the estimated accuracy i s  + - 5 per cent. 

Figure 3b shows the calculated probabilities that counter C and i ts  

associated circui t ry  would detect and assign the pulse of a photon of 

stated energy t o  one or another of t h e  energy intervals. 

are nominally defined as 2-4-keV, 4-8-keV, 8-12-keV, and 12-20-keV and 

were established by t h e  pulse-height analyzer settings. m e  four indi- 

vidual chambers produced voltages i n  response t o  a single photon energy 

which were i n  the ra t ios  of i/(i.00+0.05)/(0.8c.08)/(1.15+0.05). - - - 
These relative gains were measured with 5.9 keV X-rays from an Fe 

source which w a s  used t o  monitor each chamber's gain before 

the counter's flight. 

were partly responsible for the overlap of the energy intervals shown 

i n  Figure 3b. 

These intervals 

55 

after 

The different gas gains of the various chambers 

Part of the uncertainty i n  energy resolution is  associatedwith 

the detection process i t s e l f  and is inherent i n  the Gaussian distribution 

of pulse heights which would be produced by detection of a large number 

of monochromatic photons. 

distribution is - 18 per cent of the mean pulse height f r o m  5.9 keV 

X-rays. 

of more than one pulse height, an uncertainty i n  the quantity of 

photons per u n i t  energy interval ar ises  which i s  comparable with t h e  

uncertainty introduced by the different chamber gains. 

Full width a t  half maxiam of t h i s  Gaussian 

Because photons of a given energy may indeed produce signals 

Detection of photons more energetic than 3.2 keV is  sanstimes accompanied 

If t h i s  X-ray leaves the counter by emission of a characterist ic argon X-ray. 
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before being absorbed, the pulse amplitude associated with the detected 

event is  smaller by the amount of the escaped argon X-ray. The 5-7-keV 

efficiency of the first energy interval arises from this escape-peak 

effect .  

Figure 3b. 

All of the effects discussed a b m  have been included i n  

C. Aspect Sensors 

Three starlight sensors provided si@pals for determining the 

aspect of the X-ray counter-collimator systems. 

u t i l i zed  2-in, f/2.3, achromatic object glasses. 

two of the sensors w e r e  scamedby holes in rotat ing disks. 

holes admitted sky background light and starlight t o  end-on photomultipliers. 

Because the  holes admitted l igh t  from one square degree of the sky, 

these two aspect sensors did not locate stars as accurately as the 

t h i r d  unit. Consequently, information from th i s  pa i r  of star sensors 

has served chiefly t o  confirm t h e  results obtained frm the third sensor. 

All three sensors 

The focal planes of 

These 

In the lat ter unit, the  optics and electronics were the same 

but  the fixed focal-plane diaphragm contained a narrow V-shaped s l o t .  

For t h i s  reason the sensor has been designated the V-sensor (photameter V 

i n  Figure 2). 

axis of the  rocket and t o  the long dimension of detector C'S field 

of view. 

with the intersection of t h e  fields of view defined by collimators T 

and B. 

t h e  l i g h t  of a star image, w i t h i n  a few seconds of time. 

The a d s  of synnnetry of the  V was para l le l  t o  the r o l l  

The direction of view of the V-sensor approximately coincides 

A s  the  rocket rolled, each side of the V s l o t  transmitted 

The mean 
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time of t h e  two signals fron a star gave the rocket's position i n  

r o l l  angle and so  fixed the r o l l  orientation of collimator C. The 

difference i n  t h e  signal times of a single star provided a measure 

of r;he angle from the r o l l  axis t o  the star during the r o l l  maneuver. 

The difference in mean times for two stars gave the average r o l l  rate 

between them. 

111. SOURCE POSITIONS 

A. Aspect Solution and X-Ray Data 

The specification of source positions w i l l  be presented by 

considering t h e  sources observed by a single counter-collimator system 

separately from the brightest  Scorpius source which w a s  observed by more 

than one system. Coordinates for  the epoch 1950 w i l l  be used throughout 

t h i s  paper for  specifying position. 

The problem i n  specifying source positions is t o  determine precisely 

the orientation of each X-ray collimator i n  ce l e s t i a l  coordinates as 

a function of time throughout the rocket f l igh t .  

of a source through a given collimator establishes, within observational 

The time of observation 

errors, a great c i rc le  sewent  upon which the source m u s t  l i e .  When 

more than one observation of a given source i s  available, the inter-  

section of the great c i rc les  specifies the source's position. 

noted above, t he  orientation of the collimators a t  a given instant is 

As 

determined primarily by reduction of data from t he  s t a r l i gh t  sensor 

w i t h  the V-shaped diaphragm. 
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The t r ans i t  times of 1st or 2nd magnitude stars and sometimes of 

fa inter  stars could be read on the recorded graph t o  within about 0.02 

sec. 

corresponds t o  a 3' uncertainty of position in the direction of scan. 

However, possible variations o f t h e  r o l l  rate, and especially errors 

i n  measurement of the relative positions of the V-sensor and the X-ray 

collimators, introduced larger uncertainties Ln the determination of 

the position of each X-ray source. 

A t  a constant r o l l  ra te  of 2'/sec, this uncertainty i n  timing 

The detector response t o  a point source, i n  terms of counts 

per unit time, is  an isosceles triangle on top of the background 

level. A collimator i s  defined t o  t r ans i t  a source a t  a time t when 

half of the t o t a l  source-signal counts have been accumulated. 

times are uncertain by a t  l eas t  as  much as the interval t-t 

t o  accumulate the square root of the t o t a l  number of source counts. 

Th i s  uncertainty is as small as - + 0.01 sec for the 4-8 keV photons 

of detector C for  the slow scans of the brightest Scorpius source. 

For s i x  sources that  were observed between 204 seconds and 222 seconds, 

the t r ans i t  times can only be established t o  an uncertainty .of about 

+ 0.1 sec. 

times defined by different energy channels of counter C. 

0 

These 

required 
0 

A s  expected, there is  no difference between the t r ans i t  - 

Figure 4a is the complete record of' the count of 4-8 keV pulses 

per second observed by detector C during the f l ight .  

transmission T was predicted on the basis of a model atmosphere of 

The atmospheric 



Anderson and Francis (1964) calculated for  the  f l i gh t  conditions, and 

the use of tables by Wilkes (1954) and Swider (1964). 

and 4c provide greater resolution of the detector-C data during scan 1 

along the galactic equator. For reasons s t i l l  unknown, useful data 

on scan 1 came primarily from detector C. 

Figures 4b 

B. The Brightest Source i n  Scorpius 

The principal data for t h i s  source were obtained f rom counters 

Scan 2 w a s  so fast t h a t  only the B, C, and T during scans 3 and 4. 

large aperture counters, C and T, produced usable data. 

of the source position can be obtained from the transit-time data i n  

each of scans 3 and 4, while only one position can be determined from 

scan 2. Each entry i n  the 

table depends on s i x  times: 

t 

stars i n  the V-sensor, and t 

the Scorpius source i n  any pai r  of X-ray collimators. 

of the reference stars closely bracket the transit times of the X-ray 

source. The lack of measurable ro l l - ra te  variations allowed the 

rocket's motion t o  be t reated as a r o l l  a t  constant rate on a fixed 

axis throughout the observing time in te rva l  f o r  scans 3 and 4. For 

scan 2, the variation of the r o l l  rate w a s  large but measurable on 

the ACS r o l l  ra te  data, so tha t  angular distances were integrated Prom the  

variable rate over the vaxious time intervals.  

V-sensor orientation a t  (tl + t2)/2 and (t + t4)/2, the  location of the 

Three determinations 

These positions are a l l  given i n  Table 1. 

tl ( 5  Oph), t2 ( 5  Oph), t3 (6 Sco), t4 (6 Sco), 

and t6. The first four times are for  t r a n s i t  of the two reference 5' 
and t 6  are representative t r a n s i t  times of 

The t r a n s i t  times 
5 

mving detennbed the 

3 
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X-ray detector fields (I .?  view follows from t 

angles between the V-sersor axis and the  X-ray collimators. 

and t 6  and the measured 
5 

Errors i n  t r ans i t  times and t and errors  i n  measments  of the  %5 6 
angular orientations of t h e  collimstors w i t h  respect t o  each other 

cause the  spread i n  the values of  Table 1. The la t ter  errors  enter 

ln to  each scan i n  the same way, i.e. systematically. The values i n  

Table 1 axe not completely independent, since the collimators act  

conjointly. 

source arises from the error  i n  the angles from the V-sensor t o  the 

Another source of error i n  the position of the Scorpius 

collimators. The estimate of the probable error  i n  the following m e a n  

posit ion'of t h e  source takes account of a l l  these factors. 

i s  a = 16 14m - + lm, B = -15' 36' - + 15'. 
The result 

h 

The maximum angular s ize  of the Scorpius source can be estimated 

from the 4-8-keV count r a t e  pattern of detector C. The count-rate response 

of the detector could have been influenced by variations i n  the rocket 

r o l l  rate, i r regular i t ies  i n  the c e l l  structure of the collimator, and 

extension of the source. Because the  estimate of s ize  involves a 

model of the source, t h e  l a t t e r  w a s  assumed t o  be a disk of uniform 

surface brightness. 

of the feet of the  measured count rate pattern (cf. Figure 6) indicates 

the  source diameter i s  < 1/2'. 
l i m i t  of l/8" on the s ize  of  t h i s  source. 

The apparent blunting of the  top and the rounding 

Oda e t  al. (1965) have set an upper 

C. The Sources Observed During Scan 1 

Figure 4 shows t h a t  several sources were observed by counter C during 

t h e  scan along the galactic equator. 

scitn l i n e  a t  the time of the transit, to. 

The sources l i e  on normals t o  the 

Because only detector C 



provided data, the seccn: position coo:dinate is not known. Table 2 is 

a l i s t  of the  cl.ear-cut3 sources of Figure 4 and gives positional data 

in  order of t . 
equation of the great c i rc le  upon which the source m u s t  l i e .  

D are the 1950 r ight  ascension and declination of the poles of these 

great c i rc les  a t  times to. 

For each scurce cos (a: - A) = -tan D tan 8,  i s  the 

A and 

0 

The Scorpius position derived i n  the preceding section is  inconsistent 

with the mean of the laboratory measurements of the r o l l  angle between 

the V-sensor axis and the axis o f t h e  C collimator. 

i s  only one of three collimators that a f fec t  the mean, a s h i f t  of 5' 

i n  the ( r o l l - )  angle separating the V-sensor and the C collimator is  

sufficient t o  restore consistency. Because t h i s  correction i s  within 

the probable error  of the laboratory measures of the angle, the correction 

has been used in  t h e  reduction of all data of t h i s  section. 

Although the lat ter 

The Remarks of Table 2 relate the  data t o  some of the Y R "  sources 

observed by Baryer e t  al. (1965), and t o  other objects. 

distance u from the great c i rc le  of collimator C (with the pole A, D)  a t  

time to# t o  the position of each object at  a', 8' is  also given i n  

Table 2. 

derived from s in  IS = s i n  6' s i n  D + cos 6' cos D cos (CP-A). 

of u is  positive when CT1,6' falls  on the north side of the great c i rc le .  

It must be remembered tha t  the uncertainty i n  the  position of the C 

collimator i n  the direction of the scan i s  about f 15' .  

the position of the great c i r c l e  upon which the  source m u s t  l i e  i s  

considerably l e s s  than the quoted error  of each "XR" position i n  the 

coordinate para l le l  t o  the direction of scan. 

between the "XR" positions of BoKyer e t  al. (1965) and the scan 1 sources. 

The minimum 

This distance i s  para l le l  t o  the  direction of scan, and i s  

The value 

The er ror  i n  

Figure 5 i l l u s t r a t e s  the re la t ion  
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resolved during t h i s  experiment. 

the galactic equator. 

with Oph XR-1 (Table 2, No. 4) and the galactic center with Sgr XR-1 

(Table 2, No. 5) suggested by Bowyer e t  al. (1965), has not been confirmed. 

Both sources are probably close t o  

The identification of Kepler's supernova of 1604 

Signals which are  identified with Sco XR-3 were observedwith 

detector C on scan 2 at  to = 251.0 sec, scan 3 at to = 2'73.2 sec, and 

scan 4 a t  to = 287.5 sec, and principally on scan 1. 

observations indicate a single non-extended source. Unfortunately, the 

great-circle projections of the collimator on the sky are so  nearly 

para l le l  i n  all of the scam that the position i n  the direction normal 

t o  the scans is  only poorly defined. On scans 2, 3, and 4, Sco XR-3 

w a s  near the edge of t h e  collimator f i e l d  of view where only about 2 

or 3 per cent of the 4-8-keV photons were transmitted by the collimator. 

These multiple 

It w a s  surprising not t o  find Sco XR-2 in the records of scans 3 

and 4, for t h i s  source is l i s t ed  by Buwy-er e t  al. (1965) t o  be stronger 

than Sco XR-3, and was  closer t o  scans 3 and 4. 

Sco XR-2 may be a t  smaller galactic la t i tude than was found by Bowyer 

e t  al. (1965). 

the two groups can be properly correlated, there is some diff icul ty  

i n  reconciling source strength and position. 

This indicates tha t  

In short, while the Sco XR-2 and Sco XR-3 signals of 

The signal near 195 sec i n  Figure 4c may be associated with Ser XR-1. 

Ey cambining these data with a scan 4 signal of camparable strength, 

a source position within 2' of tha t  given for Ser XR-1 was  determined. 

Because these two signals are of low s t a t i s t i c a l  significance, andmay 



not be associatsd with LUC s a m e  object, no entry corresponding t o  these 

signals has been included i n  Table 2. 

A and Cyg A were scan-ed, no significant x-ray flux above background was  

associated w i t h  these positions. 

Although Tycho's supernova, Cas 

If the four sources i n  the range 0' < f?' < 16' of the  4-8-keV 

data are "subtracted" as individual point sources f r o m  the record of the 

count rate during scan 1, there may be some signal lefY, above the 

interpolated level background. 

interval containing Sco XR-2 and Sco XR-3. 

clear, no additional source positions have been given i n  Table 2. 

The sme may be true i n  the longitude 

As the details are not 

The remaining data concerning source positions are associated 

w i t h  8-12-keV photons. 

launch, a period of time neaxly twice that required by the counter's 

f i e l d  of view t o  traverse a single source. 

i n  number t o  establish accurately source t r ans i t  times, or make meaningm 

correlations with peaks i n  the Lower energy interval. 

A significant count occurred 2l0-2l4 sec after 

The counts were too few 

The contents of t h i s  section have been s w i z e d  i n  Table 2, which 

compares two independent s e t s  of cosmic X-ray source positions. For 

the  majority of the sources, there is  satisfactory agreement between 

the 1 October 1964 survey and the 1964 Naval Research Lsboratory survey 

(Baryer e t  al. 1965). 

are probably not any of the sources. 

However Kepler's supernova and the galactic center 

The Sgr  XR-2 source of B a r y e r  e t  al (1965) 

has been resolved into two sources. The count-rate prof i le  of all of the 

sources fits the angular-resolution function of the collimator so that  no 

source is known t o  be an object of large extent. The most noticeable feature 
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of the distribu?.ion of s o u r ~ ~ s  Gbsewea nil October 1 is  their  concentration 

toward the direction of the galactic center. Besides Sco XR-1, six 

certain sources were found i n  the interval 344' < Q1' < 16' and only one 

certain source i n  another 150 0 of galactic longitude. 

IV. SOURCE SPECTRA AND FLUXES 

A. The Brightest Source i n  Scorpius 

The purpose of t h i s  section is t o  describe the shape of the Sco 

XR-1 spectrum i n  the 1-20-keV interval. 

indicate the variation of count rate in three nominal energy intervals as 

detector C swept over Scorpius on scan 3. 

obtained fo r  the count ra te  i n  a fourth (lower) energy interval. 

results of the three scans over Scorpius are sumarized in Table 3. 

Total counts above background, per scan, rather than peak count rates 

were used t o  derive spectral information. 

(standard deviation) errors have been quoted for  the 4-8-keV and 8-12-keV 

counts, errors of the other table entr ies  include estimates of systematic 

effects  arising from conversion of count ra tes  t o  voltages plus the 

conversion of intermittently telemetered voltages back into counts/sec. 

The data given i n  Figure 6 

Only an upper l i m i t  w a s  

The 

While only s t a t i s t i c a l  

The diff icul ty  i n  evaluating parameters which describe the shape 

of the X-ray spectrum arises from uncertainties in the calibration of 

the detectors as w e l l  as f r a m  s t a t i s t i c a l  errors i n  the observed counts. 

The spectral  parameters quotedbelow conservatively allow fo r  all 

the  known errol's. 



The different ia l  photon distribution derived frm the detector C 

counts (Table 3, scan 3) by simply correcting for  counter efficiency 

(Figure 3b) is given in  Figure 7. 

clearly must f a l l  off steeply at  both law and high photon energies and 

The actual spectral  distribution 

is not f la t .  

To analyze further all the spectral  data in the simplest manner, 

various distributions have been folded i n  w i t h  the counter responses 

of Figure 3 t o  predict the ra t ios  of counts i n  pairs  of energy intervals. 

Comparisons o f  the predicted and measured ra t ios  of counts for  detector C 

have yielded the majority of the experiment's information on spectral  

distribution. Single-parameter spectra which have been evaluated for 

agreement w i t h  the f l igh t  data include the 

Plan& distribution 

power-law distribution 

where q ( E )  i s  the number of photons of energy E per unit energy interval, 

k i s  Boltzmann's constant, and T i s  the temperature of a Planck distribution. 

(2 i s  the index used t o  describe the spectral  dis t r ibut ion of synchrotron 

radiation produced by a different ia l  energy spectrum of electrons which 

varies as E-', where y = Zx + 1 (cf. Ginzburg and S y r m t s k i i  1964). 
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a 
The r a t i o  of counts observed by wiec tor  C in any two of the  energy 

intervals can be fi t ted t o  a Planck distribution. 

and 8-l2-keV intervaJs are consistent with a dis t r ibut ion specified by a 

temperature of 1c2 x 10 %. On the other hand, the 8-12-keV and 12-20-keV 

data indicate a temperature between 20 and 60 million degrees Xklvin. 

Despite t h e  apparent overlap of these ranges of temperature, a single 

temperature of about 20 million degrees i s  not consistent w i t h  the 

data because a major portion of the quoted errms arises f'rm the 

response function which produces errors  of the same sense when data 

fo r  different pairs  of energy intervals are considered. 

The counts i n  the b8-keV 

5 6 

The upper 

l i m i t  t o  the flux in the  2-4-keV i n t d  is about one decade less 

than tha t  expected f r a u  a 16 x lo6 OK Planck distribution. 

"he energy calibration for detector T is  considered untrustworthy, I 

but reduction of the data shown in Figure 2 does yield a temperature 

of the  order of 16 x 10 Also, folding detector B's efficiency 

(Figure 3a) into a photon distribution of t h i s  temperature predicts 

I 

6 %. 

counts that are equal t o  those listed i n  Table 3, i f  the  different  

effect ive apertures of detectors B and C sre taken in to  consideration. 

The detector-C data a b m  4 keV can also be f i t ted t o  a power-law 

spectrum. The 4-8-keV and 8-12-keV data yield a = 1.8,,080 +O*3 Because of 

their  imprecision, use o f t h e  12-20-keV data does not fur ther  specify a. 

of a fails t o  f i t  the data fo r  photon energies The ab- value 

below 4 keV. 

counter C is  a factor  of 15 below that required t o  f i t  a power-law 

spectrum having a = 1. Also, an index of a = 1 would result in a 

The upper limit t o  the count in  the 2-4-keV interval  of 

I 
I 



detector-B count nearly twice t h a t  actually observed on scan 3. 

errors i n  the detector-B data are too small t o  encampass such a dis- 

crepancy. 

spectral index cannot fit all the data for  Sco XR-1. 

Knuwn 

Therefore, a parer-law spectrum w i t h  a single value of the 

A l l  three of the higher-energy data points of detector C have a l s o  

been f i t t ed  t o  a bremsstrahlung distribution produced by thermal elec- 

trons. However, the shortage of low energy photons is as inconsistent 

w i t h  t h i s  hypothesis as it is with the parer l a w  hypothesis. 

It i s  interesting t o  note tha t  an a = 1.1 has been found by B a r y e r  

e t  al. (1964b) for  the few-keV X-rays from the Crab Nebula, and tha t  

recent measurements by Clark (1965) of tenfold higher energy X-rays 

from the Crab Nebula led t o  an a = 2. For Sco XR-1, much hinges on the 

l eas t  reliable data (those for  photon energies belar 4 keV), which show 

t h a t  the spectrum of Sco XR-1 has a d is t inc t  maximum i n  the 4-8-keV 

interval. This i s  completely different from the  monotonically increasing 

flux which may be at t r ibuted t o  the spectrum of the Crab Nebula (Figure 

3 of Clark,  1965). 

made by Fisher, Jordan and Meyerott (1966) 

Further remarks about the  Sco XR-1 spectrum have been 

B. Other Sources 

Figure 4 presents experimental data for  the first scan along the 

galactic equator and Table 2 summarizes the position information obtained 

f r m  these data. While the existence of a number of sources is indicated 

by the 4-8-kev data of Figure 4, a measurable quantity of 8-12-keV photons 

appeared on only two or three occasions, one of which is correlated 



i n  time with the  4 - 8 - k ~ ; ~  signal cbsemed frm Cyg XR-1. The r a t i o  of 

the t o t a l  counts in t h e  4 -8 -ke~  and 8-12-keV intervals indicates that 

the spectral  distributions of the brightest  Cygnus and Scorpius sources 

are ccrmparable in slope. 

photons for nearly a l l  of the sources observed i n  the interval 340° C 

1'' < Bo, pravides some insight concerning the spectra of these sources. 

While the 4-8-keV fluxes from the sources near 205, 208, and a 8  sec 

of Figure 4c are a l l  comparable with tha t  observed for the Cygnus 

source, a significant 8-12-keV flux w a s  not found a t  any of these 

times. Consequently, t he  spectrum of each of these three sources 

falls off more rapidlywith increasing energy than the spectrum of the 

Cygnus source. 

(which have s t i l l  more 4-8-keV counts than the Cygnus source) is  

inconclusive because of the presence of 8-12-keV photons. 

above background were observed i n  the 2-4- or 12-20-keV interval for'any 

of the scan 1 sources. 

The lack of a measurable f l u x  of 8-12-keV 

A similarr argument applied t o  the remaining peaks 

No counts 

One other feature of the fluxes measured i n  t h i s  work appears worth 

noting. Au, seven of the sources weaker than Sco XR-1 had 4-8-keV 

pnoton fluxes which differed by less than a factor of two and were 

significantly above the background. 

rather s m a l l  s t a t i s t i c a l  sam-gle, the number of sources of given bright- 

ness does not increase as the brightness decreases. 

Although eight objects is a 

C. Further Comparison of Source Spectra 

Additional information corxerning source spectra can be derived by 

'-*mparison of the actual counts sec-l fran different observations 



To do this ,  the measured peak of each ,,.#d;cce count rate given i n  Table 4, 
column 2, should first be corrected upward t o  eliminate the effect  of 

reduced collimator transmission with increased angle off-axj.6. 

correction i s  made by use of the NRL source positions which indicate the 

angle 0 (given i n  Table 4) frm the collimator-C axis t o  each source a t  

the time of i t s  observation. The r a t io  of counts 

interval of th is  experiment t o  the corresponaing quantity *am the larger  

energy interval of the NRL measurements i s  found t o  be within the range of 

0.6-1.5 f o r  all but the Cyg XR-1 source. 

The 

sec-l from the 4-8-keV 

The different f l u  r a t i o  for  Cyg XR-1 may 'be a t t r ibuted t o  a dif- 

ference i n  the spectrum. The energy interval examined by Bowyer e t  al. 

(1965) encompasses the 4-8-keV interval of detector C and the i r  counter 

i s  much more sensitive t o  law energy photons. 

Baryer e t  al .  (1964b) and Figure 3b above. 

efficiency indicates the Cyg XR-1 spectrum may contain proportionately 

more low energy photons than any other mutually observed source. 

w a s  sufficiently fa r  above the horizon on the various f l i gh t s  that atmos- 

pheric absorption effects should. have been negligible f o r  photon energies 

as luw as one keV. 

measured fluxes being i n  error  because of contributions frtm neighboring 

sources. 

Compare Figure 1 of 

This difference in detection 

Cyg XR-1 

The relat ive isolation of the source precludes the  

Because tine variations in X-ray flux may same day be observed, it 

may be worth noting that the fluxes used for  Table 4 w e r e  derived from 

three different rocket f l igh ts  made over only a five-month t h e  interVal* 
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V. COSMIC X-RAY D--ICKGROUND 

Figure 4a shows tha t  at 227-249 sec and 275-285 sec after laUChJ 

the average count rate i n  t h e  4-8-keV interval of detector C droppd 

below the average scan background at  137-176 sec, 182-203 sec, and 

296-323 sec. During the first two intervals the detector was  pointed 

below the atmospheric horizon. 

of 0.057 - + 0.005 counts cm 

background (specifically a t  l o w  galactic lati tudes).  

the counter’s detection efficiency of 0.6 and effective so l id  angle of 
-1 1/32 s te r ,  a background flux of 3.0 - + 0.3 photons sec’l ster is 

obtained. This i s  smaller than the 8 + 5 photons sec-l  s t e r - l  obtained 

on a previous rocket f l i gh t  (Fisher e t  al. 1964). 

The decrease yields an X-ray component 
-2 - sec ’, and may represent a cosmic X-ray 

Upon a l low ing  fo r  

- 
The influence of 

atmospheric x-rays on these results is not known. For example, similar 

reduction of the 8-12-kev data yie lds  an increase of .012 + .005 counts 

sec-l  when the detector was pointed beluw the atmospheric horizon, 

- 

VI. SUMMARY 

1. Eight discrete X-ray sources have been observed. S i x  of t h e m  

have been reported previously; the remaining two sources have been 

l i s ted  as a single source by Baryer e t  al. (1965). 

2. No identifications of X-ray sources w i t h  opt ical  o r  radio sources 

a r e  made here. 

supernovae, and Cas A and Cyg A were scanned, but are not ident i f ied 

as X-ray sources. 

In  pazticular, the galactic center, Kepler’s and Tycho’s 
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3. The most s t r iking 

t h e i r  concentration toward 

Consequently, the observed 

feature of the distribution of the sources is  

the direction of the galactic center. 

sources are believed t o  l i e  within the galaxy. 

4. The instrumental response t o  all sources is consistent w i t h  

objects no larger than about one degree i n  diameter. 

i s  no larger than one-half degree i n  diameter. 

However, Sco XR-1 

5. The apparent shortage of low-energy photons is suff ic ient  

t o  prevent the Planck distribution, a power-law distribution, or a 

bremsstrahlung distribution from adequately describing the spectral  

data of the brightest  source i n  Scorpius. 
-2 -1 6. The values of source counts cm sec observed during t h i s  

experiment a re  i n  fair agreement w i t h  those observed by Giacconi e t  ale 

(1964) and by Baryer e t  al. (1965). 

more low-energy photons appear t o  come f r o m  Cyg XR-1 than any other 

mutually observed source. 

The latter comparison shows that 

7. The cosmic X-ray background i n  the 4-8-keV photon energy 
-1 -1 interval  is estimated t o  be three photons sec ster . 
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POSITIONS OF TBE BRIGHTEST SOURCE I N  SCORPIUS (1950 COORDINATES) 

scan 

2 

3 

3 

3 

4 

4 

4 

C-T 

C-T 

B-T 

B-C 

C-T 

B-T 

B-C 

a 

16h 14.4m 

16 15.7 

16 14.1 

16 11.4 

16 15.9 

16 14.1 

16 11.0 

6 

-15' 4.8' 

-16 01 

-15 24 

-15 1 5  

-16 05 

-15 25 

-15 15 
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FIGURE CAPTIONS 

1. A plot i n  galactic coordinates sharing the region of sky selected 

for  observation by rocket-borne X-ray detectors. 

three differently oriented fields of view as is  shown schematically 

by the rectangular outlines designated T, C, and B near the l e f t  03 

northern horizon. The center of each detector's f i e l d  of view moved 

along the indicated scan l ines  as the rocket rolled. The shaded areas 

indicate the zones of sky scanned by detector C and show, i n  the upper 

right of the figure, the three scans Over the  brightest Scorpius source. 

These detectors had 

2. This portion of the telemetered record indicates the information 

obtained for the Scorpiu; source on scan 3. 

and B X-ray detectors, t o  two optical  s ta r l igh t  sensors designated 

photometers M and V, and t o  the operation of the ACS r o l l  j e t  are given. 

Data relevant t o  the T, C, 

3a. Variation of counter sensi t ivi ty  w i t h  photon energy i s  shown 

The here for  counters having two different entrance window materials. 

abrupt decrease at  1.5 keV in the aldnum-window counter efficiency 

i s  due t o  the K-absorption discontinuity of the aluminum window. 

abrupt r i se  in each curve at  3.2 keV i s  due t o  the K-absorption 

discontinuity of the counter$' argon gas. 

The 

3b. The sensi t ivi ty  indicated above is that for  detecting a given 

energy photon i n  each of the four nominally defined (2-4-keV, 4-8-keVI 

8-12-keV, and 12-20-keV) energy intervals of detector C. 

4. 

launch. 

Graphs of various data 8s a Arnction of seconds of time from 

The count of pulses i n  the 4-8-kev channel of detector C is 
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FIGURE CAPTIONS (Cont Id) 

given in part - a for the portion of the f l ight  sham in Figure 1; the 

zenith angle Z and atmospheric transmission T, for  6 keV photons, are 

also sham. 

intervals as detector C o b s e m d t h e  Cyg XR-1 source during scan 1. 

- c indicates the w e g a t e  of incampletely resolved X - r q  sources lying 

i n  the general direction of the galactic center; the difference between 

the sol id  and do t t ed l ines  near 212 sec corresponds t o  counts from the 

brightest source i n  Scorpius, which w a s  25' off the collimator centerline 

at  th i s  time. 

5. 

Part - b contains the variation of X-ray flux in two energy 

Part 

Maps of the  sky adapted from Becvar's A t l a s  of the Heavens. 

The dashed l ines  indicate the paths of the collimator ruds. 

dimension of the rectangular region corresponds t o  the 215' position 

error  in observing the source, while the NlU results are indicated by 1%~ 

radius circles.  

the rectangle gives the maximum extent of the field of view. 

shows the  region near the galactic center. 

The narrow 

Part - a shows the Cyg XR-1 region; the long dimension of 

Part - b 

6. Variation in count rate with time in three energy intervals 

The background in the 12-20-keV as observed on scan 3 Over Sco XR-1. 

interval is  not w e l l  established and is drawn in rather arbitrari ly.  

7. Relative counts per unit energy for Sco XR-1 (Table 3), 

corrected for  counter efficiency (Figure 3). The larest-energy datum 

represents a poorly defined upper limit. 
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